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Effects of Maize Straw Returning on Soil Phosphorus Availibility and
Organic Phosphorus Forms Under the Mode of Planting and Returning
ZHAO Xiaojun, LI Zhihong, LIU Long, CUI Tingting

(College of Resources and Environment of Jilin Agricultural University , Changchun 130118)
Abstract: In situ simulation was performed on the corn stalks under the mode of planting and returning by
nylon bag method. The experiment was conducted to compare the effects of different amounts of straw retur-
ning to field on soil total phosphorus, available phosphorus and different forms of organic phosphate. In the
experiment, four levels of RO (0%), R1 (0.44%), R2 (0.88%), R3 (1.32%) and three different returning
depths of 0—15 cm, 15—30 ¢m and 30—45 c¢m were carried out. The results showed that the soil total phos-
phorus content did not change significantly with the increase of the amount of straw returning to field after 1
year. Compared with RO, the soil available phosphorus in R1, R2 and R3 increased by 27. 0%, 49. 3% and
64.1% respectively in 0—15 cm soil layer. The available phosphorus in 15—30 cm and 30 —45 cm soil layers
also showed a significant increase with increasing amount of straw returning to soil, and the increasing
amount followed by the trend: 0—15 cm>15—30 cm>30—45 cm. Compared with RO, the contents of active
organic phosphorus and high-stable organic phosphorus of R1, R2 and R3 in 0— 15 cm soil layer showed no
significant difference, and the middle active organic phosphorus decreased by 12. 8%, 26. 2% and 36. 3%
respectively, and the content of stable organic phosphorus increased by 25.1% ., 53.5% and 61.6%. In 15—
30 cm and 30—45 cm soil layers, soil moderate organic phosphorus increased respectively with the amount of
straw returning and the content of moderate active organic phosphorus increased and the content of moderate
stable organic phosphorus decreased, while there was no significant difference between active organic phos-

phorus and high stable organic phosphorus. The results showed that maize straw returning to field could
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increase the content of available phosphorus in soil by promoting the conversion of phosphorus from other

forms of soil to available phosphorus. Maize straw returning could supply phosphorus source for direct use in

the next season. Meanwhile, it could improve the moderate stability organic phosphorus content and reduce

the moderate active organic phosphorus content in the soil.
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TP ad FAE g — R A5 MRS AT 64 & BE B9 F1) I J7 5K
B 2N T [ N AMIF T — A EE 2 PR A A ad 1 ]
DU 2800 2 ph A 5 58 Ak B 47 A ) B 85 [ 50 A
Yo IR 2% 0T HA H T e AL 38 R o AR 25 AR
G s R RN . A MR C LR BEE N
YA R B Bl il 19— Fh KRR L R /R A K
F A E R RS BT L EARAE A T LR
W KL Se A HLRE AL 5 W (2 0 A L (B A ) T 2Oy
I T O LB CRIEOmE ) o i A AL L
ST VA PILBAE A R RS AT DL A R e A
BB E L WA LB A DLBR A A Th A S
6 HL 15 28 5 B AR W ORI FH 4 38 23+ v 45 36 P L
A X B B 4 A T A 0 R v A E A HIL B
YU X A A G S R e T LR W AR E A AL
W 2 R R W IR 0k L AT DL AL 20 v R Ml R AR
WA TR . 4R R SC T REATIE I AT 5 R T L K
WS AR 0 11 RE 05 . 35 3 I - M 40 0 LA 7 Ak i
O TR R FE A RE 5 5 e S ] 8 38 25 2 I Y
L A TR &N OE e S Pl Y SR B (27
KR D) T S A

AR T = 28 DI AT B AR B 5 45 AT 348 T A 45
B FEORFRAE 15 5 FF b B 43 85, T8 iR 4 g At
R 3 2805 g TR MR XIS AT I8 HIX 2 AN T

— ZRN R IA HE IXORN b R X ) o7 B AT 58 4, LA DL A
LR HEAT . Pk i BRI B T = 2 WA T 7E B
PRI EE AL 3, SO RS AR 4 ik I 8500 H e 1R
FRLLSE B, AR B T RS FF A il X 2 28 RORAEK
AT FE0E . Ffid 3 A T B aA HIXCRS A1 A8 2 A1
MF AR ) 2 A5 RS E fAE 1 a J5 BT IR
1,20 e LUF AL Z R SE, HIEELARIE 1A IR )2
FE AP O 42 S R 2 e 2 £ SR oy B
FEEPLERE L AR SGED S e 4S5 84T ] JEA
B4 W58 AN [ B A RS T3 X AN ) % B 4 Sl % B
TE A 00 52 0] o DA - 38 98 8 A R A 00088 1 R 52 55y T AR
TR IE 43 B A S AT AT 1 1 O 2 4R HE BN AR
1 BRtSJ5%
1.1 ks Rl

TR E R B SRR 38 v [ Al K2 S 5wl i A7
A U T P (R = Rl |~ il NI 5 e
S DU AR 4.8 C AR RFEK i 617 mm.,
PR b, R IR T LR 1 HAEYh
Tk OB #A 958) it NPK & & iE (N 200 kg/hm’ , P, O;
90 kg/hm’ . K, O 80 kg/hm®) ik 4& fif FHAS #T Ry 12 1ok
FEAF AR AL AR A AT LAk 437. 6 g/kg, 2R 8. 29
g/ kg, 2 1. 18 g/kg. 28 12. 22 g/kg,

Fx1 KBTI EREBEBHLER

T ERE/ - Bl f L/ B/ BALER/ A/ HHLE/
p
cm (mg « kg™ ") (mg « kg™ ") (mg « kg™ ") (g-kg ™ (g kg™
0—15 5.52 128. 3 61.6 172.9 0.91 28.3
15—30 5.95 82.6 20.7 108. 7 0.59 19.9
30—45 6.54 58.3 13.2 71.8 0. 44 12.5

1.2 Rigit

Sk HJ e W 4% ) s 7 EC 4 75 3k DAA [m] s
T FH S RIS [R) B R 3 18 8 A8 SCAR B, G FF U G
{51 LA FH J) 257 T ARG FF 74 (10 000 kg/hm®) i 5] [A]
BE A TR ) R LA 4 i, O R AT R A
0% (RO) \H LA [ 44 0. 44 % (R1) JFif 43 5 4
0. 88 %0 (R2) I FLIE I 3 f5 5 1. 32 %6 (R3)4 4K
-5 38 H R BN - HEREAE 2 )00 £ 20t 45 em I 3
AHbFE 0—15,15—30,30—45 cm, 44%% 4 4 kg,
Fr RS A DUR R A Lol 25 = 1, F 2015 4F
FORAE RN G o B T AR 2 A 12 AR
APV 3 RE R . T 2016 4 FRFERETIZ e e

1.3 MEMBRF*

4 T8 e X 4% o JBCHE 1) A R v i A R N G Al 2% 5
B2 A TR 1 mm i, 350 B BIR AW ALY
AT AT A R B RO L R R
TR B BRI o A W 1 0 A SR FH R A BR 6  Lh 8 1
PR BRI 5E R JH 0.5 mol/L NaHCO, ¥, +3 pH %
F pHS—3C A pH 1 % . 47 LB I & R FH 5 4% R
B 2% B OO 1Y A HLBE 5 2R A Bowman-
Cole ¥ KA HLIE 43 0 16 PE AT BILAE | o 25308 PR AT Bl
W PR PR A ML R R A LB .

1.4 HELE

K Excel 2013 F1 DPS 7. 05 #4354 7 B8 b 1

K LSDUR/N G 3 22 R 30 4T Z 5 HUAR (p<<0. 05)



513

X /NZESTE RPGE 43 B AT E R FE AT I8 BG4 A A A MLBE I 25 1) 52 i 245

2 gR5H0M
2.1 HHTHWIESBEMNZN

FEAT 0 H 2% Ak 38 + 1 2 8 & AR L3R 2,
- A Wl R AR I A B A MR O o 2 4
% AH LT % B ROLE 0—15 em + 21, R1,R2,R3 &b
P ) 4 398 Al 40 A4 N T 0. 07%6,0. 29%,0. 89% . {H 2
SRR, [FBF 1530 em Fl 30—45 cm )2 +HE4

oI EE S, EEATRA A Iy H—,
FHEG T 2% FORFEFFAS 5 & i i A B AR 1l g0 4
AR FREFEGS A B TR RS R 28 a0 ok
0,5.2,10.4,15. 6 mg/kg; L — . fH i H 1 a J5. %
FEI A 4RI A FLRE A 8 60 %0 22471, 4 A~k
PR IR H Y E gt e B E Al 0,
3.1,6.2,9.3 mg/kg,

K2 AREEMFIALETIESLBSE Pfj . mg/kg
+Z%)E /em RO R2 R3
0—15 911.9425. 7a 912. 6+28. 6a 914. 6418. 6a 920.0£15. 4a
15—30 585.4+21.7a 587.4+15. 4a 590.8+12. 2a 586.8+24. 5a
30—45 440, 8+17. 2a 442, 8422, 4a 444, 14+16. 1a 441, 4414, 2a
T R ABE R AR R NG PR R LSDUR /N B3 2295 18 p<<0. 05 K- 2R,
2.2 FEFFIE E X 4 10 RO 0 B 120
BRI AT EME AR R B LI 1, {2 015 2100 F ap2 SR @R
cm LR A B RO FTEE 3 ARSI R R, Y s b o] s EE
R2.R3 [ 4 40 5 2 B 42 BN T 27, 0%,49. 3%, & 60 | o
60 196 R2 A R3 ANBAR KL T R1 MBI T 17, 6% 4o 40 -
29.3%. TifE 15—30 cm Fl 30—45 cm + J5 v, BEFF iR ' ool -
FH &b 35 [ 2 0 A - HE SRl 38 n » {ELAR EL 7 X Ji# RO, LT .
R2 il RS S0 () - MR R AT 5 b 2% 53 R1 4 TP ke

PR AR E, FEF. 5 015 cm + 2 M [F A&, R2 f1
R3 AbHF + A ) & 2 B = T RL AR [H R2
5 R3 Z[HJo i 3Pk 25 5. DA 39 0wl v 2 i 1ok
F o BRI N A FEFF A HSEAHET,0—15 cm )2
T 15—30 cm 1 30—45 cm + /2.,

FikFid W5, — R A S & A — 2 5Em
W Bl FEFF RO A — 28 5 F o fR B i E A
e, RS T HEROALRE ) & s 5y — T RS AT
g it 1ok i v 7= A ) — S AL RH S LA MLER A A R
FE 18 ok 7D 1 T 6T B8 1) W R [ e DL Rl i) — B 2K I
o7 T A HS M VA PR R P A ] SRS A
g Al 1+ S A W Y R BB B SRR AR S
PR AT B 0T A g R . AR R BT ROk
TR AR S AT . 1E 0—15 em + 2, 5 X4
RO A H, R1.R2 A1 R3 4b P B¢ 5 AT RE 9% $2 £ 19
Sl o o A M OO B Y 18. 720,20, 4%,
23.5% ,#F 1530 cm fl 30—45 cm + 2 H.R1.R2,
R3 Ab AL FF AL Y 4l et 9 S0l o - A9 ANl A 1
i) 56. 4% ,45.6%,59. 6 ¥ Al 68.9%,60.2%,88.5% ., &
AW 5T 22 B L R AT A 8 v ) i R R B A TR
R TIT o (3R P s Y = e A R o o s L R g
BE—ERE EXMELGAFI IS . L85/ HTal A,
WA B B 20 R T KA FF AR T X T A 38 5 0 14
Fo W R AR A Al Ak TR 1 =X
L33 Ve B A 498 % B % 184 in 1 B AIK #F 0—15
em +ERAENEE .

VE ¢ [F LR T3 A [ /N5 o R Rk LSD R /D 3 22 ) 1
p<<0.05 KFLZEREBE. TR.

Bl ARE#HIELETANRELEENHSETN
2.3 HFEHENTERRBESHNBNI

AN RS T A H A Ak BT O R 2 A LB 1 i AR
LWL 2A 2B 2C. HIEARIESA LB & 2
F AR B B A TR B T 2 D AR AR AN TR Y
RSP M A3 A LB AR H R . £ 0—15 cm
2 Bl RS AR A R 3G 0 0 A ML O B
S AY. v ST AL 2D P AR E R A PR R
Wy, mREEA VLB R E R A ER AR E,
5 RO AHH L R1.VR2 1 R3 4bHE A4 v 28 15 7 A HLBE 2>
SIS T 12.8%.26. 2%, 36. 3% ., AR E A MLBE
Iy RIBEINT 25.1%.53.5%.61. 6%, f£ 15—30 cm
T2 AH T RO, Bl A S AT I8 B & B9 3G, 0 A
PLBE S E i e A ML & b o e 3 22 % R1,
R2 F1 R3 4b 28 1) v 45 3% M A HLBE & &t 2 B BEAS T
20. 4% ,44. 9% ,48. 0% s AR M A BLEE & it 4 i I
7 18.3%.42.0%.61. 5%, fE 30—45 cm + )2
Hi, 5 RO AH H L R1L,R2 AT R3 4011 15 M BB 3% 14
I FE T W 25 R v AR IR PR A LB Y e
T 10. 6% .22, 8% ,28. 2% ; A4 E A DL
7 18 43 R 30. 3% ,65. 4%, 88. 1% s m ke P
AHLEE 2 — R AA T E R

WFFE R Ak o3 BT RS FHi0 T 2252 +
e SIS YEA MLBE AT RS VAR DLBE B AT I8 A rh 4%



246 KPR R

%31 &

TP A LR & B TG PP R S R A WL S i o
TP LA S As e A HLBE I JC B S 2

160

140 - A %

160
140

g
—
N
=)

co
(=4

40

B4 B/(mg - kg
3

B & B/(mg - kg
(=
po

bz
.

N"’.’.:
LA

ol o

s I
hap
1
gl

). <]

<]

. hEEE
N S
i

A AB.CoH &R 0—15,15—30,30—45 cm + /2.
B2 AELEHRAEBEFEHELET
TEESENBEIETW

3 Wi

PR S R FE R AR R AT L T REAS 3 Y
T 98 4 A R A Y e (EL ) A A AT 8 X T
e A VB S N N L oA UL SR TN
WAy BB T REFFR AR 1 a J5 .3 AR +
B A B T WK 22 S T AN [ R R R ) SR
i B A R AT A % 08 g B, 1 e R e A
SRR P R 1IN T AR AT 5 - P B 0 4 R
TARE ARk AR FE T AR 25 60 i A A T ok L 5 1k A
SR TR SR T, 5 SRR R . B ROR
S b W A /N B R KR TR U
T RE AT I FHOE 3 98 5K 5 e A AE Y SR L - SRR R
LA o 5 b & B R S B R 3K IR A
o2 R AR TR Y et R G RS AT i
M55, TR TR AR T 2 0 Y + e kAW

e TR i bl i e B RS AT R R b A
Olsen—P FIEHL#EH Y Ca, —P.Ca; —P.Al—P ¥ i
23, Hodp A Olsen—P 3R K. AN 56 5% A H ]
AR 735 Je e 4S8R A AT a8 | X, i IX
BCY BT RS AR A I AE Y A L - A B S
FAED 4 o i, 5k — R s 45 AT . Fh s o B A
AR ARG FF A X T + s A0 & R R e ag N
AN P& AR AT DA 4 W R T A i R R IR TR R
SR S R R ZEAE R A T AT A

AR 56 A [ 25 A HLBE i 508 2 W Bk 43 25
BN WFRFR IR I 1 a J5 e % i 2 3 + 8 rh e
PEA BB & 5L 00 b i b SR L. B
Aty 3 g XK U A S )i AT Ak HR X B R OB A
AL B AT T R B RS FF 0 S, £ A HLEE 22w
TRV OLBE = R M A DL A Ak o i N R T 3 A5
A PLBSE AL oy R B X S A IS A SR 245 R — 3. K
L A5 3 gk 2 P R DL 56 A /DN X3 56 X K R R AT
T T A 48 ol 1 il 6 M R - 498 AN B A 1Y) R i F
G2 B R FT A FH ALk L (7% - 98 % A 5 T 1t 0% A
TREFF A I FH AL 3 (] if o Rl A it A 1) 36 - 38
WEWR B IG PR . A MLEE RT LUAE R Y A
- MG S [ VR R 2EAT Ak 2 A R TS HLBE L F T
B AE Py BRI FE S L Ak S B T AR ) 3 Bl A
BERR I A VE M R IS 0L T, A LB AR L R
h 2% ~AY Z 8], A5 R IE B A% R - HE R R
e P M TR I S M DT AR T A LB R T 1
R, BRI TE R A LR FHASFE A8 25 A5 AT A AN [ o
A LB X 2B A5 LB 45 41 20 AR 7 B O BIF 98 6 B
il FF I A ] B B 0 8 e 935 PR ML e Lk
W W ORI FH A1 o B A v 3 v S 0 A LR R AR
PEA MU R4 5t + 8 b A il & B R BRI, 4R
BB 23 BT B d o B R RS AR A 1 RE % b 1
e rp 50 PEAT MURE L LR R — 5 1T AT RE R A AT A T X
T A HLBE A h TTHLBEA — & e BEVE T . BLLAh
WA MLBE R4 3L 53— O VT RE RS AT L B
PRFE T v A T A LB ) v AR E A AL O e A
[vi] B b A A B AR 20 1) R AT I FH R T R AR e
PLBE S & X AT RE A M T LA ML R &
4 45w

(DFIE BT ERFEFFAH 1 a J5 134
- J2 RO S R 2 o S R R A HE R
Lo I HL 3 00 i (2 i T R 38 i i A Ak Dy Akl
TSN - 4 2 A b, R B ) 015 em + 2
o, 5 AR RO A EE . RTVR2 R R3 A B 74 53 5083 o 1) 14
T 27.0%.49. 3% .64, 1% . SR B 1 & P oRS AR BRIS
PRt S & 4 sk 18.720,20.4%6,23.5%



513

X NZESE R IE 43 B AR EORFE AT 8 HOG L S mA RE M HA BLBEE S

g Al 247

(2) Bk 3 B Y EKRFEFT A M 1 a J5,0—

15 cm + 2, R1.R2 Fl R3 b 3 b 45 3 v A HLBE 5

Xt HE RO AR L 4300080 T 12.8%,26.2%,36. 3% 5 Hh

R VEA DL 4> 18 T 25, 1%6.,53.5%,61. 6%

15—30 cm I 30—45 cm + 21 3 3% 8y B % 5 #F

i FH 0 5 0 S T A DL R D P R E A

*ﬂﬁki%i‘ﬂﬂ i @ﬁﬁlﬁﬁkﬁmﬁ PEAPLBETEA L+

S Z WK

(1] ZERur ok B DU, A5, RS FFIE HE X0 1 e 2 Bl
L] T B ARMEHE. 2016,57(2) : 12-15.

[2] VuD T.Tang C,Armstrong R D. Changes and availabil-
ity of P fractions following 65 years of P application to a
calcareous soil in a Mediterranean climate[ J |. Plant and
Soil,2008,304(1/2) :21-33.

[3] McDowell R W, Condron L M, Stewart I. An examina-
tion of potential extraction methods to assess plant-a-
vailable organic phosphorus in soil[J]. Biology and Fer-
tility of Soils,2008,44(5) :707-715.

(4] BRRK. KA HLIE X B LRI A
[D]. M /RIE R ARk K2, 2012,

(5] ZF ok B, BT, 5. M 52 2 4F §5 FF i |4 E R BF
JZ2 TSR AR B A A s e LT ] K A R AR A
2011,25(5) :81-85.

[6] Cheng Y,Hu H X,Di Y F,et al. Effects of straw retur-

S A R B R

ning to fields on soils and current status in anhui prov-
ince[J]. Agricultural Science &. Technology, 2013, 14
(5):776-779.

(7] Thaly. 09 a0 NE X 11 30 B 3R S 8 Ak i 52
[ BTN — R BR 2274 . 2006, 18(2) - 39-41.

(L85 242 T

[13] Wang R,Kang Y,Wan S,et al. Influence of different a-
mounts of irrigation water on salt leaching and cotton
growth under drip irrigation in an arid and saline area
[J]. Agricultural Water Management, 2012, 110(7):
109-117.

FAKHRERBE , 05 5 80, 45,k 80 3 0 o T A A K M
e oo A ma L) . EEBHEK #2012, 31(5) 1 1-6.
Schelle H, Heise L, Janicke K, et al. Water retention

[14]

[15]
characteristics of soils over the whole moisture range:
A comparison of laboratory methods [ J ]. European
Journal of Soil Science,2013,64(6):814-821.

W E AL, G W — P (R Rk
FRAE AT R AIF 5T LT 1. V8 b AR ARRE 5 K 2 2 4l (B SR B

[16]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[17]

[18]

[19]

[20]

(21]

FEARE. R SR AT L Y £ 5 R BOR B SR 1
RORLRIEFE LD ] FBM < 07 g 4Rl K2, 2013,
65 TN . R 2 R R S T T - A Ak 1 B R
BRI D ] A FR AR K2, 2014,
B, gl Ak 2 o 7 O ik LML JE s E A
BHEZ H AL . 2000.
Bowman R A, Cole C V. An exploratory method for

ERS

fractionation of organic phosphorus form in grassland
soils[ J]. Soil Science,1978,125(2):95-101.
AR AKAR SR TE W] AL R TR A ALK 5 X - ol IR B
Re T KA stk s L) 1. ol TR %2 i, 2014, 30
(22):236-. 244.
Smith F A, Smith S E. What is the significance of the
arbuscular mycorrhizal colonisation of many economi-
cally important crop plants? [J]. Plant and Soil, 2011,
348(1):63-79.
Lou Y L,Xu M G, Wang W,et al. Return rate of straw resi-
due affects soil organic C sequestration by chemical fertiliza-
tion[J . Soil Tillage Research,2011,113(1);:70-73.
BARAE B’ TR R 2R A RS AT R [R) R 5 34 HH () )6 i
FRERFGELCI /Bl K 2. 1w ﬂiﬂé it gL 2
CEMO e+ ke s RER RS 8
JUJE T e P - S 2 R SRR S SO R AL
LAl K24, 2012.380-385.
IhE XN, T, A AR AT H ) A T R
s T]. rhE AL 2F#4R . 2008,16(3) :587-592.
BFR IR BSOS R RS A A RS AT 5 F X )+ R
S ABEIL L], + A 2016,53(3)  779-789.
RSB R A L S KRR RS AT 36 H X+ SR wE iR
it 15 B R i S [T ). R 2R 7L 2015(2)
78-83.

2215 ,2002,30(1) :9-12.

EIREE ARG, W A5 1 T A AR AR X 1 58K 4338 3
MARAFSELT]. T 5 X A 5% . 2008, 26 (4) : 13-16.

FHa 2 BUREHT, B M T R HE S T A R R
FEMMRAAMR 228 K AERPELT ], dbmtARolk K222 4) . 2007,
29(2) :34-40.

REA WS R B & T LR R AR R 5 A REAE 1Y
WEFEL) . B ssAol B4, 2008 (1) + 5-8.

HBELA B IT R ETRR. SPSS S FH ST+ # (21 40 v 4 B
KA RFIBAHO M. ALt IKRIK A .  2005.
X2, L P A, 2 R E i KRR
B sy N ). P RS R R R 2# 4 (A SR
W) ,2008,34(2) :203-206.



